Abstract: Cholestatic jaundice in the first few weeks of life may herald potentially life-threatening pathology. It is therefore incumbent upon the pediatric practitioner to have a high index of suspicion for severe disease when investigating jaundice in a young infant. This article outlines the epidemiology, pathophysiology, differential diagnosis, and diagnostic workup for both the most common and the most severe causes of cholestasis in the neonatal period.
1. Define pathologic jaundice in the neonate and describe the steps needed to evaluate a cholestatic infant. 2. Enumerate the most common and the most serious causes of conjugated hyperbilirubinemia in the neonatal period. 3. Promptly recognize infants with biliary atresia, and appropriately intervene.
T he North American Society for Pediatric Gastroenterology, Hepatology, and Nutrition (NASPGHAN) defines neonatal cholestasis as an elevation in serum conjugated bilirubin that is present in the newborn period, or that appears within the first few months of life. 1 Cholestatic jaundice is a rare condition-affecting approximately 1 in 2500 births-but its presence in a neonate is always pathologic and must be promptly investigated. 2, 3 Biliary atresia (BA) is the most common cause of cholestasis in young infants, and is amenable to surgical intervention if detected early (ideally within the first 45 days of life). [4] [5] [6] [7] [8] Other causes of neonatal cholestasis-including inborn errors of metabolism and perinatal infections-also require prompt diagnosis and treatment to avoid poor outcomes. 1 Because clinical jaundice from benign etiologies (eg, physiologic jaundice and breast milk jaundice) is common in neonates, pediatricians must have a high index of suspicion for cholestasis so that the best possible outcome can be attained for the infant suffering from a potentially life-threatening underlying condition.
DEFINITIONS
Cholestasis is defined as a defect in either formation or excretion of bile, with a resulting increase in the serum of retained biliary components (bilirubin, bile acids, or cholesterol). Most causes of neonatal cholestasis will manifest biochemically as an increase in serum conjugated bilirubin. Although the terms "conjugated bilirubin" and "direct bilirubin" are often used interchangeably, the latter is a proxy measure for the former (by demonstrating a proportion of "direct" reaction with a diazo reagent) and tends to overestimate the concentration of conjugated bilirubin in the serum. 9 Therefore, a true conjugated bilirubin ought to be obtained whenever possible when evaluating a jaundiced infant. Conjugated hyperbilirubinemia in a neonate is defined as serum conjugated bilirubin concentration greater than 1.0 mg/dL if the total serum bilirubin is less than 5.0 mg/dL, or a conjugated bilirubin greater than 20% of the total serum bilirubin if the total is greater than 5.0 mg/dL. An elevated conjugated bilirubin is always abnormal and should prompt the pediatric practitioner to investigate further. 1 Although infants with cholestasis may appear clinically jaundiced and may occasionally present with acholic stools, these subjective measures have been shown to be unreliable indicators of hyperbilirubinemia severity, and ought not to be used to guide laboratory screening.
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PATHOPHYSIOLOGY
The presence of conjugated hyperbilirubinemia in the neonatal period heralds an impairment in bile formation and/or excretion. In the physiologic state, a complex system of basolateral membrane transporters brings bile components from the serum into hepatocytes where they are used in the formation of bile via a multistep synthetic pathway. A different set of membrane transporters secretes formed bile across the apical hepatocellular surface into the bile canaliculus where it then flows into bile ducts of increasing diameter until it enters the gall bladder. 12, 13 An impairment in any of these steps will lead to cholestasis and to an elevation in serum conjugated bilirubin. Defects can present anywhere along the pathway, from the molecular level (eg, singlegene mutations of membrane-transporter molecules or exposure to hepatocellular toxins) to the level of mechanical obstruction (eg, BA or gallstones).
DIFFERENTIAL DIAGNOSIS
The differential diagnosis of neonatal cholestasis can be divided into 2 primary categories: obstructive causes, and causes resulting from hepatocellular injury or genetic alteration (Table 1) .
Biliary Obstruction
Biliary Atresia
The most common cause of biliary obstruction in infants is BA, an idiopathic condition that accounts for 30% to 50% of all cases of neonatal cholestasis and that affects 1 in 10,000 to 19,000 infants in North America and Europe. [14] [15] [16] [17] [18] [19] Biliary atresia is characterized by destruction of intrahepatic and extrahepatic bile ducts that leads to progressive cholestasis and to end-stage liver disease by 6 to 9 months of age. Prognosis for children with BA relates directly to prompt detection and early surgical intervention with Kasai portoenterostomy (KPE), a procedure that reestablishes biliary flow into the intestine. 4 Despite evidence that outcomes for KPE are best if the procedure is performed before 45 to 60 days of life, late detection and referral of infants with BA continues to be a problem. [6] [7] [8] 20, 21 Even after restoration of biliary flow, BA remains a progressive disease marked by continued hepatocellular destruction. For this reason, BA is the most common reason for liver transplant in the pediatric population. [22] [23] [24] [25] Because infants with BA can be extremely well appearing in the early neonatal period, pediatric practitioners must maintain a high index of suspicion for screening and detection of children with this condition.
Alagille Syndrome
Alagille syndrome is the most common cause of familial intrahepatic obstructive cholestasis with an estimated incidence of 1 in 30,000. 26 It is caused by an autosomal dominant mutation in either the JAG1 or the NOTCH2 genes, which leads to a paucity of interlobar bile ducts and which is associated with a host of clinical features, including the following: chronic cholestasis, cardiac and vascular anomalies, butterfly vertebrae, ophthalmologic abnormalities, distinct facial differences, and renal abnormalities. [26] [27] [28] Other Obstructive Causes
Other causes of biliary obstruction include biliary cysts (formerly termed choledochal cysts), gallstones or biliary sludge, neonatal sclerosing cholangitis, congenital hepatic fibrosis, obstructive tumors, and inspissated bile (also known as bile plug syndrome-most commonly seen in patients with cystic fibrosis).
Nonobstructive Causes of Cholestasis
Infection
Many of the most common vertically-acquired infections, including cytomegalovirus, toxoplasmosis, rubella, herpes, syphilis, and HIV can all result in cholestasis and conjugated hyperbilirubinemia in the neonatal period. Bacterial infections acquired after birth-including sepsis and urinary tract infectionscan also present with cholestasis and should be high on the differential for a jaundiced neonate, especially in the setting of temperature abnormalities. 29, 30 Metabolic and Genetic A multitude of genetic and metabolic disorders cause defects that lead to intrahepatic cholestasis. Metabolic conditions that present with elevations in conjugated bilirubin include galactosemia, tyrosinemia, citrin deficiency, α 1 -antitrypsin deficiency, and disorders of lipid metabolism, including Niemann-Pick and Gaucher diseases, and the Zellweger spectrum of disorders. [12] [13] [14] 19, 27 At the hepatocellular level, mutations affecting the regulation of bile acid formation result in a host of individually described bile acid synthesis disorders. Mutations that lead to defects in storage and membrane transport of bile lead to a multitude of other conditions, including the Dubin-Johnson and Rotor syndromes, and the group of conditions known collectively as progressive familial intrahepatic cholestasis.
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Toxic
Exposure to exogenous toxins in the neonatal period can also lead to hepatocellular injury that presents as cholestasis. Among the most common toxic causes of hepatocyte damage are medications metabolized by the cytochrome p450 system and chronic exposure to total parenteral nutrition. 1, 3, 14 
DIAGNOSTIC EVALUATION
The Cholestasis Guideline Committee of NASPGHAN recommends that any infant noted to be clinically jaundiced at 2 weeks of age be evaluated for cholestasis. 1 The timing of this evaluation is especially important, because most infants may not have any further evaluation until the 2-month well visit, at which point the window for successful intervention upon many severe causes of cholestasis will have closed. The evaluation of neonatal cholestasis involves a multistepped approach aimed first at rapidly identifying and intervening upon treatable pathology. Disorders like BA that are amenable to surgical intervention must be identified early, and conditions such as sepsis and inborn errors of metabolism must be recognized and treated quickly to minimize disease progression. In addition to laboratory work, a thorough evaluation of the jaundiced infant includes family and gestational history, a complete physical examination with attention to detection of hepatomegaly, and inspection of stool. 1 Because clinicians' visual estimation of jaundice severity is known to be unreliable, 
Laboratory Evaluation
The first step in establishing the presence of neonatal cholestasis is laboratory confirmation of conjugated hyperbilirubinemia. Initial laboratory work includes conjugated and total serum bilirubin levels, as well as complete blood count with differential. A blood type and Rh (of both neonate and mother) as well as a direct antiglobulin (Coombs) test on the neonate may be helpful in determining whether hemolytic disease is contributing to elevations in unconjugated (and hence, total) bilirubin. As noted previously, a conjugated bilirubin greater than 1.0 mg/dL in a child with a total bilirubin less than or equal to 5.0 mg/dL is always pathologic and warrants further investigation. 1 Once the diagnosis of cholestasis is confirmed by the total and conjugated bilirubin, evaluation of serum and liver chemistriesincluding aspartate aminotransferase, alanine aminotransferase, and γ-glutamyl transpeptidase-is recommended. Alkaline phosphatase levels are of less utility in the neonate given the large variation in normal levels among young infants. 1 Liver function should also be evaluated by measuring prothrombin time and partial thromboplastin time, as well as glucose, albumin, cholesterol, ammonia, and α 1 -antitrypsin. Where available, the results of the infant's newborn screen should be reviewed, because in many states, newborn testing panels include assays for galactosemia, hypothyroidism, tyrosinemia, and cystic fibrosis.
1 Bacterial cultures of blood, urine, and other body fluids should be obtained in those patients in which infection remains a concern, and viral assays should be collected in those infants with known risk factors for vertical transmission of viral hepatitis. Upon completion of this initial lab work, consultation with a pediatric gastroenterologist is recommended to determine a plan for additional targeted laboratory evaluation (eg, genetic testing and enzyme function assays), depending on the suspected etiology of the infant's cholestasis.
Imaging
Fasting ultrasound of the liver and biliary tree should be performed in all infants with conjugated hyperbilirubinemia to evaluate for anatomic causes of cholestasis, with a particular focus on prompt detection of BA. Although measurement standards have been developed for the sonographic evaluation of patients with suspected BA, a normal ultrasound result does not definitively rule out the condition. 1 In cases where a normal-appearing ultrasound is accompanied by an otherwise concerning clinical presentation, additional imaging studies can be used to aid in the diagnosis, including hepatobiliary scintigraphy, endoscopic retrograde cholangiopancreatography, and magnetic resonance cholangiopancreatography. Endoscopic retrograde cholangiopancreatography has excellent positive and negative predictive values, but requires expertise and experience, as well as specific equipment that is not available at many centers. 31 Magnetic resonance cholangiopancreatography has been shown to have excellent sensitivity (~99%) for BA, but relatively low specificity, and is thus primarily helpful as an exclusionary test. 32 In addition to BA, other anatomic causes of cholestasis such as choledochal cysts can be detected on ultrasound. It is important to note that BA and choledochal cysts can co-occur, making exclusion of BA important even in cases where a cyst is detected on initial imaging. 33 In cases requiring imaging beyond initial ultrasound, guidance should be sought from a pediatric gastroenterologist to determine the best study for the patient.
Histopathologic Diagnosis
Percutaneous Biopsy
Liver biopsy remains central to the evaluation of cholestatic jaundice, and the correct diagnosis can be made in 90% to 95% of cases by an experienced pathologist. 34 A standardized system for interpreting the liver biopsies of cholestatic infants has shown to have a high level of sensitivity for the diagnosis of obstruction and of BA. 35 A biopsy may also reveal histological features that can help predict the successful outcome of a KPE and may thus assist the treatment team in determining whether to operate.
Intraoperative Cholangiogram
Intraoperative cholangiography and histological examination of the biliary duct are the criterion standard for the diagnosis of BA in particular and are often performed as a confirmatory test just before initiation of KPE in the operating room. 1 
MANAGEMENT
Management of the cholestatic infant should include close monitoring of stool color, because increasingly acholic stools are suggestive of progressive biliary obstruction and are particularly concerning for BA. All infants with cholestasis should receive supplementation of fat-soluble vitamins (A, D, E, and K). 36 Highcalorie enteral/oral hyperalimentation with an increased mediumchain triglyceride fraction is also recommended, especially for those patients in which BA remains a concern, because medium-chain triglycerides do not require bile for absorption. 36 Ursodeoxycholic acid can also assist in ameliorating cholestasis by reducing bile flow and has also been theorized to displace toxic bile acids from hepatocytes. Rifampin can be used to treat pruritus, although its mechanism is unknown. Antihistamines have been shown to be of little utility in treating the pruritus of cholestasis. 37 Further initial management should be directed toward the suspected etiology of the infant's cholestasis and should be performed in conjunction with a pediatric gastroenterologist and with any other appropriate specialists (eg, infectious diseases, genetics, and endocrinology).
PROGNOSIS
The prognosis for infants found to have conjugated hyperbilirubinemia is determined primarily by the underlying etiology of the neonate's cholestasis. Timeliness of diagnosis is essential to ensuring the best prognosis-both in instances in which there is a concern for BA and in cases where other treatable pathology is suspected. For patients with BA, this is difficult because diagnosis is often delayed given that the timeline of normal physiologic jaundice and breastfeeding jaundice are often confounders. Infants with conjugated hyperbilirubinemia as the result of infection or of inborn errors of metabolism, for example, can be extremely ill-appearing upon presentation to care, but can have excellent outcomes if their underlying disease state is rapidly diagnosed and treated.
As noted earlier in this article, KPE procedures performed within the first 2 months of life for infants with BA have a significantly greater chance of success (~70%) in reestablishing biliary flow compared with those performed after 3 months (<25%); nevertheless, late referrals continue to hinder the achievement of good outcomes. 1, 4, 6, 16, 18, 23, 38 Even in cases where bile flow is restored, BA remains a progressive disease with 70% to 80% of patients afflicted infants developing hepatic fibrosis, portal hypertension, and cirrhosis, and approximately 50% of patients requiring liver transplantation before age 2 years.
